ABSTRACT. The output of urinary growth hormone (GH) and IGF-I were quantitated by RIA in 12-h urine collections obtained from infants who were preterm, small for gestational age (PT-SGA, n = 13); preterm, appropriate for gestational age (PT-AGA, n = 27); full term, small for gestational age (FT-SGA, n = 13); and full term, appro- The plasma concentrations of GH in all infant groups were high, whereas the plasma IGF-I levels were low. Microalbumin and P-2 microglobulin excretion did not correlate with urinary GH and IGF-I output. Despite the higher microalbumin output in FT babies, urinary GH and IGF-I excretion was lower in these groups. The high plasma and urinary GH levels in the presence of increased urinary IGF-I output suggest that production of these peptides in early life is increased and they may reflect the hormonal mechanisms controlling the rapid somatic growth observed in early infancy. However, we cannot rule out the possibility that urinary IGF-I output is a reflection of renal IGF-I synthesis rather than generalized IGF-I production. Based on the comparison of urinary GH and IGF-I excretion in SGA and AGA infants, it appears that postnatal production of these peptides in SGA infants is not impaired. (Pediatr Res 28: 209-212, 1990) Abbreviations GH, growth hormone SGA, small for gestational age AGA, appropriate for gestational age PT, preterm FT, full term
The influences of GH and IGF-I on somatic growth are well established in childhood but less clearly defined during intrauterine life and early infancy. Because many fetal tissues produce abundant amounts of IGF-I in vitro and cord plasma IGF-I levels correlate positively with birth weight and length, IGF-I is assumed to be a stimulus of fetal growth although plasma levels of the peptide are extremely low before birth (l,2). In contrast, GH is not believed to be essential for somatic growth during intrauterine life, inasmuch as anencephalic fetuses are born with normal length (3) .
In a previous study, we reported that urinary excretion of GH and IGF-I are significantly greater in PT and FT infants than in normal children. We also observed that the outputs of GH and IGF-I were high in urine and correlated positively, whereas in plasma, GH concentrations were elevated and IGF-I levels were paradoxically low (4) . Our findings suggest that measurements of these hormones in urine provide a more accurate assessment of their production and physiologic relationship.
The low somatomedin activity observed in the cord serum of SGA infants compared to control PT and FT infants raises the possibility that the growth retardation seen in the SGA infants may result from an IGF-I deficiency ( 5 , 6) . The aim of our study, therefore, was to compare the urinary output of GH and IGF-I in SGA-PT and -F'T infants with the output of these peptides in PT and FT babies who were AGA. We also compared the output of these peptides in the four infant groups with that observed in healthy children. Lastly, we assessed the output of P-2 microglobulin and microalbumin as possible indicators of renal maturity.
MATERIALS A N D METHODS
The study population included 40 PT infants, 42 FT infants, and 33 normal children (mean ht 0.9 k 0.2 SD units, age 3-17 y). Of the 40 preterm infants, 13 were SGA (group 1; PT-SGA) and 27 were AGA (group 2; PT-AGA). Among the FT infants, 13 were SGA (group 3; FT-SGA) and 29 were AGA (group 4; FT-AGA). Group 5 consisted of healthy children ages 3 to 17 y. Demographic data are presented in Table 1 . All parents gave written informed consent for their child's participation. Prenatal history was positive for placental pathologies (abruptio placenta, placenta previa, oligohydraminos, etc.) in six PT-SGA infants, preeclampsia/eclampsia in three PT-SGA and three F'T-SGA infants, smoking in eight PT-SGA and eight FT-SGA infants, and alcohol abuse in one PT-SGA and one FT-SGA infant. None of the infants' prenatal histories were positive for maternal drug use or diabetes mellitus. There was no clinical or laboratory evidence of intrauterine infection.
In the 33 normal children (group 5), urine samples were collected under parental supervision at home during a 12-h overnight period (2000-0800 h). In the infants, urine samples were collected for a 12-h period during either the day or night by means of a U-plastic bag, which was emptied periodically by the nursing staff. All diapers were weighed to validate the completeness of the collection. If a sample was contaminated by stool, the previous urines were discarded, and the collection process was restarted. The urine samples were refrigerated at 4°C throughout the collection period. Each urine sample was centrifuged to remove particulate matter, and either dialyzed immediately or stored at -20°C for later dialysis. A 50-mL aliquot of urine from each child was dialyzed against redistilled water for 36 h using 18-mm Spectropor membranes (mol wt cut-off, 3500; Spectrum Industries, Los Angeles, CA), lyophilized in a Virtis Lyophilizer (Virtis Co., Gardiner, NJ), and reconstituted in 1 mL 0.04 mol/L phosphate buffer, pH 7.4, containing 0.5% purified human serum albumin (Albuminar-25, Armour Pharmaceutical Co., Kankakee, IL) and 0.9% sodium chloride. Due to the higher GH and IGF-I excretion in the infants, 25 mL of their urine were dialyzed and the lyophilizate was reconstituted in 1 mL (giving a 25-fold concentration).
Urinary GH was measured in duplicate by a standard double antibody RIA method using a polyclonal GH antibody and GH standards obtained from the National Hormone and Pituitary Program. The intra-and interassay coefficients of variation were 2.1 and 4.0%, respectively. The sensitivity of the assay was 0.15 /Ig/L.
Urinary IGF-I was measured in duplicate by RIA using kits purchased from Nichols Institute Diagnostics (San Juan Capistrano, CA). The sensitivity of the assay was 7 mU/mL. The intra-and interassay coefficients of variation were 5.7 and 8.6%, respectively. Plasma GH and IGF-I were measured by these RIA in the infants (groups 1-4). Recovery studies were previously described (4). Urinary creatinine concentrations were measured in samples from 30 PT, 33 FT infants, and all 33 normal children.
Urinary microalbumin and /3-2 microglobulin in duplicate were measured in samples from 25 PT and 32 FT infants. Microalbumin was measured by a RIA kit purchased from Diagnostic Products Corp. (Los Angeles, CA) and /3-2 microglobulin was quantitated with a RIA kit from Pharmacia, Inc. (Piscataway, NJ). The data, expressed as mean 5 SEM, were standardized for body weight and mol creatinine. The data analysis was performed according to the statistical package for the social sciences (SPSS/PC+) using the Mann-Whitney U test.
RESULTS
Urinary GH and IGF-I excretion in the groups of SGA and AGA PT and FT infants and in the children are shown in Tables  2 and 3 . All the infant groups (groups 1-4) exhibited significantly greater output of urinary GH and IGF-I than the children ( p < 0.00 1) ( Table 2 ). The amounts of GH and IGF-I excreted by the PT-SGA and FT-SGA infants were not significantly lower than those excreted by the PT-AGA and FT-AGA groups [GH (kg/ kg): PT-SGA 13. (Table 3) . Although the output of these peptides in the PT-SGA infants was higher than in the FT-SGA infants, the differences did not reach statistical significance. However, when all PT infants (groups 1 and 2) were compared with all FT babies (groups 3 and 4), the PT babies excreted significantly greater amounts of GH than the FT infants ( p < 0.05).
Analysis of urinary GH and IGF-I excretion based on creatinine output (GH, pg/mol creatinine and IGF-I, nmol/mol creatinine) yielded results that were comparable to those based on body weight in that no statistical differences were observed in the urinary output of GH and IGF-I between the SGA and AGA populations (Tables 2 and 3 Table 4) .
Urinary microalbumin excretion in the FT-AGA infants (4 1.2 + 7.4 mg/mL) was significantly higher than in the SGA and AGA PT groups (1 1.8 + 3.1 and 10.8 + 2.0 mg/mL, respectively, p < 0.01). The FT-AGA infants were studied on the 2nd day of life, at a younger age than the infants in the other groups. P-2 microglobulin excretion was significantly lower in FT-AGA infants (1.8 + 0.5 mg/L) than in any of the other infant groups (PT-SGA 3.6 +. 1 .O, PT-AGA 4.2 + 1.1, and FT-SGA 3.6 + 1.6 mg/L) ( Table 5 ).
DISCUSSION
Our study suggests that postnatal production of GH and IGF-I in PT-SGA and FT-SGA infants is not impaired. The conclusion is based on the observations of similar urinary outputs of GH and IGF-I in PT-SGA and FT-SGA infants compared with PT-AGA and FT-AGA babies, respectively. Also, the plasma levels of these peptides in the SGA groups (groups 1 and 3) were comparable to or higher than the concentrations observed in the two groups of AGA babies (groups 2 and 4). The low levels of plasma IGF-I reported previously in SGA infants at birth and at 5 d of age contrast with our findings and may be explained by the difference in the ages of the study populations and the assay methodologies (7). Our study does not address production of these peptides prenatally.
The influence of renal function on the measurements of urinary GH and IGF-I output in infants are unknown. We observed that PT (SGA and AGA) babies had higher urinary outputs of GH and IGF-I than FT (SGA and AGA) infants, but the differences reached significance only with the PT-AGA versus the FT-AGA groups. It is unlikely that the higher output of urinary GH observed in PT versus F T infants is due solely to renal immaturity, inasmuch as plasma levels of GH were high in all infant groups, suggesting that augmented GH production is a major reason for the high urinary output of GH in early life. In FT-AGA infants, urinary microalbumin measurements were significantly higher than those observed in the other groups. This result is probably due to the younger age of these infants, inasmuch as transient proteinuria is known to occur during the first 3 to 5 d of life (8) . Despite the higher microalbumin output in FT babies, urinary GH and IGF-I excretion was lower in l T than in PT groups. Karlsson et al. (9) reported that urinary P-2 microglobulin levels were low at birth, peaked at 5 d of life, remained elevated during the 1st mo of life, and declined gradually thereafter (9) . Similarly, in our study, the P-2 microglobulin measurements were significantly lower in the FT-AGA infants (group 4), whose mean age at the time of study was only 1.5 f 0.1 d, compared with the mean age range of 4.4 to 37 d in the other infant groups. Because the corrected gestational age in our PT population was close to FT, differences in tubular maturation should not have played a major role (8) . In our infant populations, we did not observe a direct correlation between urinary P-2 microglobulin and urinary GH excretion, although a positive relationship has been reported in adults with renal disease (10) . Because urinary GH output in FT-SGA and FT-AGA babies was similar, although P-2 microglobulin was higher in the former group, it appears that P-2 microglobulin measurements cannot be used to assess renal tubular handling of GH in infants.
Standardization of urinary hormone measurements per mol of urinary creatinine has inherent problems because the neonatal serum creatinine level reflects that of the mother, with a rapid decrease in FT and a slower decrease in PT during the 1st wk of life (1 1 -14) . Nevertheless, expression of the data based on urinary creatinine or body weight yielded similar interpretations.
The origin of urinary IGF-I has not been clarified. Previous studies have shown that this peptide in urine is authentic based on HPLC and linearity evaluations (4) . Also, we have previously shown that urinary IGF-I is GH-dependent, since low output in hypopituitary children is promptly corrected after GH administration (15) . Whether the peptide originates exclusively in the renal parenchyma or is partly derived from circulating IGF-I remains unclear (16, 17) . Plasma IGF-I levels are low in infants, whereas output in urine is very high; therefore, we hypothesize that urinary IGF-I is most likely derived from renal tissue. This conclusion is supported by evidence documenting greater renal synthesis of IGF-I in young compared with mature organs (1 8). We previously reported a positive correlation between this peptide and GH in urine of normally growing PT and FT babies and suggested that this noninvasive method would yield information about the role of this peptide in other populations. Our current study, using this approach, indicates that in SGA infants the postnatal production of GH and IGF-I is not impaired.
